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CHARACTERIZATION AND HORMONAL CONTROL OF THE ANDROGEN 
RECEPTOR IN THE HAMSTER SEBACEOUS GLANDS 
C LAUDE BONNE, PH.D. , AND JEAN-PIERRE RAYNAUD, PR .D . 
Centre de RecherchPs Roussel-Ucla(. Romainuille. France 
The costovertebral organs ICVOI and seminal vesicles ISV] of the hamster exhibit high 
saturable androgen uptake. The physicochemical characteristics of the cytoplasmic andro-
gen receptor present in these tissues haw been determined and compared to those obtained 
in rat prostate I P]. Using the synthetic androgen R 1881 [ methyltrienolone) as a radioactive 
ligand, it has been shown that the atflnity of this compound for the cytosol CVO receptor !K ,, 
"' 0. 7 ± 0.1 nM] is similar to that for the cytosol SV receptor [K" = 2.4 .::': 0.9 nM] in hamsters 
and the cytosol Preceptor I K,1 = 0.6 ± 0.1 nM I in rats. The hormonal specillcity of binding in 
these tissues is restricted to androgens. Moreover. testosterone and dihydrotestosterone 
have the same relative binding affinity in CVO and SV compared to R 1881. Following 
castration, lhe total number of androgen binding sites. as measured by an exchange assay 
wHh R 1881, decreases rapidly and parallels with a fall in lipogenic activity. Administration 
of an androgen rapidly restores binding capacity. 
The costovertebral organs of the golden hamster 
are a pair of pigmented spots on the animal back 
which consist chiefly of1arge sebaceous glands IJ J. 
Like sebaceous glands in the human 12] and in 
other species 131. t hese costovertebral organs are 
androgen dependent. as demonstrated by morpho-
logic 11.4 1 and biochemical studies 151. and provide 
a fUJiher model for the study of androgens and 
antiandrogens 16]. Androgen action at. the subcel-
lular level has been extensively studied on rat 
prostate 17-101. but not so fully on sebaceous 
glands. Adachi and associates I ll - 13] have. how-
ever. already demonstrated several analogies be-
tween costovertebral organs and rat prostate. In 
both target tissues. testosterone is converted by 
5o-reductase t.o dihydrotestosterone !DHTl which 
then binds specifically to a cytosol receptor form-
ing an activated protein-hormone complex. This 
complex is transferred into the nucleus where it 
triggers nucleic acid and protein synthesis. 
In the present paper. the physicochemical char-
acteristics of the cytoplasmic receptor I hormone 
specificity. intrinsic dissociation constant. and 
sedimentation coefficientJ in t he costovertebral or-
gan ICVO] have been compared to those of another 
androgen-dependent organ of the hamster. the 
seminal vesicles !SV]. The influence of castration 
Manuscript received July 12. 1976: accepted for publi-
cation November 16. 1976. 
Reprint requests to: Dr. C. Bonne, Centre de Re-
cherches Roussel-Uclaf. 111 route de Noisy. 93230 Ro-
mainville, France. 
Abbreviations: 
CVO: costovertebral organ(sl 
DHT: dihydrotestosterone 
SV: seminal vesicle(s) 
P: prostate 
R 1881: J7-hydroxy-J7a-methyl-estra-4,9,11-trien-
3-on~ 
and androgen treatment on the number of cyto-
plasmic androgen binding sites of the CVO also 
has been investigated. The sites were assayed by 
exchange using the synthetic androgen. methyl-
trienolone. R 1881 ll7-hydroxy-17a-methyl-estra-
4. 9.11-trien-3-one l I 14-1 6]. 
MATERIALS AND METHODS 
An11nals. Male Syrian golden hamsters. Mesocricetus 
auratus. weighing 110 to 130 gm were obtained from the 
CNRS (Villeju.if. France). Orchidectomy was performed 
under light ether anesthesia. 
Chemical c-ompounds. I1-3H)dihydrotestosterone 
t! HlDHTJ (24 Ci/mmolel. 16.7"HI-17-hydroxy-17cx-
methvl-estra-4,9.l l-trien-3-one lmethvltrienolone = 
R 18Sl 1 (58.2 Ci lmmole) and radioinert steroids, were 
synthesized at our Research Centre and tested for pu-
rity I> 98%- pure) by thin-layer chromatography. 
In L•n•o radioactil•ity uptake after 'H-hormone injec-
twn Castrated hamsters (3 per group) received a tracer 
dose of [3HlR 1881 (5 f.LCi!lOO grn body weigbt l intra-
muscularly. with or without simultaneous intraperito-
neal injection of radio inert hormone (1 mg/1 00 gm body 
weight). CVO. SV. and leg muscle samples were re-
moved at various times after injection. weighed, and 
combusted in an Oxymat lntertechnic auto-oxidizer. 
Their rad ioactivity w'as counted. Plasma radioactivity 
was determined. following dissolution of samples in a 
toluene-based scinti llator. in a Tricarb Packard (Model 
33751 liquid scintillation spectrometer (standard error 
of counting < l%1. 
Glycerol density gradient ultracentrifugation of cyto-
sol. CVO and SV from hamsters castrated 1 day previ-
ously w,ere minced and incubated for 30 min at o·c in 5 
ml of Krebs-Ringer phosphate buffer lpH 7 .4) contain-
ing 10 nM I3HjDHT in the presence or absence of 1000 
nM radioinert hormone. Minces were washed twice with 
buffer and homogenized at 0-4°C in 1.5 rnl of 0.01 M 
Tris-HCI buffer (pH 7.4) containing 0.0015 M EDTA and 
0.002 M mercaptoethanol \\>ith a hand-driven conical 
glass-glass homogenizer. The homogenates were cen-
trifuged at 105,000 g for 1 hr at 4•c. Aliquots of 0.8 ml 
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cytosol (supernatant) were layered on a 5-35% glycerol 
gradient and centrifuged at 48,000 rpm for 16 hr at 4°C 
in a Spinco L;, 65B (SW41 rotor). Radioactivity was 
counted on 4-drop fractions. Dilute plasma (1!10) incu-
bated with 0.5 nM [3H]DHT in the presence or absence 
of 50 DM radioinert hormone was run in parallel. The 
sedimentation coefficient of the radioactive complexes 
was determined by comparing their migration with 
that of bovine serum albumin (BSA = 4.68). 
Binding measurements by dextran-coated charcoal 
adsorption . CVO and SV from hamsters castrated 1 day 
previously were minced and homogenized at 0-4°C in 1/ 
6 (w/v) 0.01 M Tris-HCI buffer (pH 7.4) containing 
0.25 M sucrose with a hand-driven conical glass-glass 
homogenizer. The homogenates were centrifuged at 
105,000 g [or 1 hr at 4°C. Fractions of 0.25 ml cytosol 
were incubated for 2 hr at ooc with various concentra-
tions of [3HlR 1881 (0.1-1 nM) and of radioinert com-
pounds 0-100 nM). Binding was measured as previ-
ously published [171. The radioactivity of a 100-J.L1 ali-
quot of incubation mixture was counted. A further 100-
J.LI aliquot was stirred with 50 JJ.l of dextran-coated 
charcoal (0.5-5%) for 10 min. The radioactivity of a 100-
JJ.l supernatant sample was counted. Results 'were rep-
resented in a Scatchard plot [18]. 
Exchange assay of androgen receptor binding sites 
{161. Cytosol was prepared as described above. Un-
bound endogenous hormone was removed by stirring 
with 1/10 (v/v) dextran-coated charcoal (0.5-5'*> for 10 
min at ooc and centrifuging for 15 min. Aliquots were 
incubated with [3HJR 1881 (40 nM) for 16 hr at 15°C in 
the presence or absence of radio inert steroid (4000 nM). 
Binding sites were measured by dextran-coated char-
coal adsorption and expressed as femtomoles per mg 
tissue. 
"C Incorporation into lipids. Lipogenic activity was 
measured according to Lutsky et al [191 with minor 
modifications. Samples of CVO (50 mg) were minced 
and incubated for 3 hr at 37°C in 2 ml of Medium 199 
containing 0.05 mM Na\1-14C)acetate. Fo11owing incu-
bation, the tissue was submitted to alkaline digestion 
in 5 ml of ethanolic potassium hydroxide for 1 hr at 
70°C. After hydrolysis the mixture was acidified to pH 1 
with HCl and extracted twice with 10 rnl of hexane. 
Extract radioactivity was counted on aliquots. 
RESULTS 
I n Vivo Radioactivity Uptake by Target Organs 
After r H JR 1881 Injection 
Tracer dose administration of the androgen 
I3H)R 1881 to castrated male hamsters led to satur-
able specific radioactivity uptake into androgen-
dependent organs, such as the CVO and SV, but to 
very little or no specific uptake into muscle and 
plasma (Fig. 1). Uptake reached a maximum 
within 1 hr of injection. The marimum reached 7 
days after castration was lower than 1 day after 
castration. According to thin-layer chromato-
graphic analysis. the radioactivity measured was 
accounted for by R 1881 only. 
Tissue Androgen Binding Proteins 
The cytoplasmic hormone-receptor complexes 
formed on incubation of f3H)DHT with castrated 
hamster CVO and SV minces were analyzed by 
glycerol density gradient untracentrifugation 
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(Fig. 2). Both complexes sedimented with a coeffi-
cient of 8-108. On incubation of f3H]DHT with 
plasma, only a 48 peak was observed; this radioac-
tivity peak corresponded to unsaturable "nonspe-
cific binding" of low affinity (not shown). On addi-
tion of an excess (X 100) of radioinert DHT or 
testosterone to the CVO incubations (Fig. 3), ra-
dioactive hormone in the 8-lOS region was dis-
placed. indicating the limited capacity of this bind-
ing. 
The formation of a steroid-receptor complex on 
incubation of a saturating dose (0.5 nM) of [3HJR 
1881 with CVO cytosol was studied by dextran-
coated charcoal adsorption. Binding sites were sat-
urated within 2-hr incubation at 0°C (Fig. 4). This 
incubation time was therefore chosen to measure 
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FJG. I . Radioactivity uptake by target organs, by 
plasma, and by muscle following j:lHlR 1881 injection. 
Groups of3 male hamsters received, 1 , 4, or 7 days after 
castration, 5 JJ.Ci/100 gm body weight of I3H)R 1881 (im) 
without (solid lines ) or simultaneously with (dashed 
lines) 1 mg/100 gm body weight ofradioinert R 1881 (ip). 
Radioactivity uptake was measured 15, 30. and 60 min 
after injection. 
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FIG. 2. Densitv gradient centrifugation of cYtoplas-
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FIG . 3. Density gradient centrifugation of the cyto-
plasmic I3HJDHT-receptor complex from costovertebral 
organs (CVO ) in the absence or presence of radioinert 
androgen (DHT or testosteronel. 
R 1881 aff'mity for the CVO and SV cytoplasmic 
receptors. The intrinsic dissociation constants 
were, respectively, 0. 7 ± 0.1 nM and 2.4 ± 0.9 nM 
as represented in the Scatchard plots shown in 
Fig. 5. 
Receptor specificity was demonstrated by ste-
roid competition for r~HJR 1881 binding in these 
organs (Fig. 6) after incubation with cytosol for 2 
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Fw. 4. f"HJR 1881 binding to costovertebral organ 
and seminal vesicle cytosol at o•c as a function of time. 
Cytosol from the costovertebral organs (black dots ) and 
seminal vesicles (open squares) of male hamsters, cas-
trated 1 day previously. was incubated at o·c with 0.5 
nM I'H]R 1881 . Specifically bound steroid was deter-
mined by dextran-coated charcoal adsorption after var-
ious incubation times. Binding was expressed as a per-
centage of the maximum binding recorded for each 
cytosol after the longest incubation time. 
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FtG . 5. Scatchard analysis of R 1881 binding to target 
organ cytosol. Male hamsters. castrated 1 day previ-
ously. were used. Binding was determined by dextran-
coated charcoal adsorption. 
hr at O~C. Under these conditions both R 1881 and 
testosterone remained unchanged in CVO cytosol. 
whereas DHT (initial concentration = 20 nM) was 
partially (20%) converted to 3a-androsta.nediol. 
Radioinert DHT and testosterone competed to sim-
ilar extents but less than R 1881 for \3HlR 1881 
binding. Estradiol and progesterone competed 
only very slightly. 
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FIG. 6. Competition for I3H]R 1881 binding in costo-
vertebral organ and seminal vesicle cytosol. Cytosol 
was incubated in the presence of steroid for 2 hr at o·c. 
The relative binding affinity, i.e .. the relative concen-
tration of unlabeled steroid required for 50% displace-
ment of [3HlR 1881 from specific binding sites. was 
determined from the above curves. 
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FIG. 7. Costovertebral organ weight. specific radioac-
tivity uptake, and lipogenic activity as a function of 
time of castration. 0 --C = Costovertebral organ 
weight !mgl; • --• = specific radioactivity uptake 
(dpm/mg tissuel; 1:::.--1:::. = lipogenic activity !dpm/mg 
tissue). 
Hormonal Control of Androgen B inding Sites 
Castration decreased CVO weigh t, lipogenic ac-
tivity (Fig. 7), and specific R 1881 uptake (Figs. 1. 
7). Lipogenic activity and androgen uptake (per 
mg tissue) decreasE'd in parallel with organ 
weight. If. however. activity and uptake a re not 
adjusted to organ weight. it can be noted that 
these parameters are more sensitive to castration 
than organ weigh t. 
Sites occupied either by endogenous or exoge-
nous hormone can be measured by exchange assay 
over 16-hr incubation. At this time (Fig. 8). maxi-
mum exchange is obtained. Differences in binding 
capacity in the intact. castrated , and androgen-
treated animals were measured in this way. The 
Table shows that binding capacity in CVO de-
creased by approximately 50% 7 days after castra-
tion , and that a single administration of 10 mg of 
testosterone prop.ionate rapidly (5 hr) restored 
binding capacity. 
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Frc. 8. [3H ]R 1881 binding in costovertebral organ 
cytosol under the conditions of an exchange assay. Cy-
tosol from the costovertebral organs of intact mal!:' 
hamsters was incubat!'d at 15°C with 40 nM I:'H ]R 1881. 
Specifically bound steroid was determined by dextran-
coated charcoal adsorpt ion after ,·arious intubation 
times. 
TABLE . A ssay of andrugr!ll binding s1tes 111 
costm•ertebral organs bv exchangr u•11h 
40 nM f''H !R 1881 
Animals 
Intact 
Castrated 7 days 
previously 
Castrated 7 days 
previous!) and 
TP t reated'' 
No. of s1tes 
t{mole/mg 
iiSSIL<' I 
68.7:!: 0.8 7.2:!: 0.1 190 ± 0.04 
32.9 ::0 1.2 6.9 = 0.3 1 02 ± 0.04 
51.9 = 2.4 7.0 :':: 0.6 2.20 :!: (l.08 
n B~ + B" = Total bound radioactivity <dpm/J.L) ) a!'-
measured on 100 J.L I of supernatant. B" = nonspeClfi-
cally bound radioactivity. Results a re expressed as 
means± SEM, calculated from triplicate aliquots. 
1
' TP = Testosterone prop10naLe 110 mg s.c./hamsterl 
Bmding measurements were carried out 5 hr after ad-
ministratiOn. 
DISCUSSION 
The present studies have demonstrated specific 
androgen uptake by the hamster CVO and SV 
following injection of a tracer dosE' of androgen, as 
already demonstrated for rat prostat.e 120]. Very 
slight specific uptake was noted in muscle. a tissue 
known to contain a cytoplasmic androgen binding 
component 121]. 
Our studies have confirmed the presence of an 
androgen ··receptor" in castrated hamster CVO, 
already established by Adachi and Kano 1111. In 
our glycerol gradients of CVO and SV cytosol. the 
complex sedimented with a coefficient of 8-IOS as 
compared to the 7-88 coefficient recorded by these 
authors in sucrose density gradients of CVO cyto-
sol from homogenate incubated under conditions 
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of low sa1t. This discrepancy, which could be ex-
plained by differences in buffer composition [22], 
probably does not reflect a fundamental difference 
in the binding entities under study. 
A further, and more important, difference be-
tween our results and those of Adachi concerns the 
competitive effect of testosterone. which has an 
effect equivalent to that of DHT in our experi-
ments and which competes very much less than 
DHT in Adachi's experiments 1131. The method 
(density gradient ultracentrifugation) and experi-
mental conditions (incubation of homogenates at 
3°C for 40 min f 1 3] or of minces at ooc for 30 min , 
as here) are. however. unsuitable for a quantita-
tive assessment of hormone competition. since the 
complex dissociates during migration through the 
gradient and the ligands might be metabolized 
during incubation of homogenate or minces. 
For a more precise quantification of this compet-
itive effect, a dextran-coated charcoal adsorption 
t.echnjque was developed using cytosol and. as ra-
dioligand. a synthetic androgen (R 1881) more po-
tent than testosterone [14). Steroid competition for 
J!1H]R 1881 binding showed that testosterone and 
DHT have similar and equal competitive effects in 
hamster CVO and SV and in rat prostate 110.16]. 
The partial conversion of DHT to androstanediol 
by CVO cytosol introduces a slight. but minimal. 
error in the eval uation of the competitive effect of 
DHT. Testosterone, whkh is stable under the ex-
perimental conditions used. has a very marked 
competitive effect. close to thai of DHT. Thls simi-
larity suggests that 5a -rt'duction of testosterone lo 
DHT is not necPSsary for binding and might not be 
necessary for activity since all tightly bound li-
gands have so far been shown to be highly active 
[231. 
R 1881 is an ideal tool for the high-precision 
comparative measurement of intrinsic dissociation 
constants 1 K,11 of androgen binding in Yarious tig-
sues owing t.o its very high aff"mity and metabolic 
stability 1161. on condition that the presence of any 
progestin binding is lakcn into account. sine!" it 
competes somewhat for bincling to this receptor. 
The K,1 recorded for R 1881 binding in hamster 
CVO was similar to that previously obtained in rat 
prostate 1201. Since nonspecific binding\\ as n(:'gli-
gible. binding was depicted in a Scatchard plot 118) 
although binding affmity was calculated by pro-
por-tion graph analysis 124 1. 
Published results have established that casu·a-
tion decreases cytoplasmk androgen receptor con-
tent in rat prostate 110.25.26] and hamster CVO 
I 11 1. This result has been confirmed in the present 
study by measuring specific androgen uptake by 
various tissues 1. 4. and 7 days after castration . 
Moreover, existing experiments on the incorpora-
tion of labeled amino acids into protein Ill] have 
suggested that androgen administration to cas-
trated rats might restore receptor level. but. as 
yet. there is no proof that the androgen induces 
the synthesis of a functional androgen receptor. 
This paper gives direct evidence for the support of 
this conclusion on the basis of the assay of andro-
gen binding sites by a recently developed ex-
change technique 116]. Five hours after adminis-
tration of a high dose of testosterone propionate, 
binding capacity is restored. This rapid restoration 
is consistent with previously reported fmdings on 
nucleic acid and protein synthesis under similar 
conditions I5.27J. The induction of new binding 
sites in the CVO of the castrated hamster is thus 
clearly demonstrated. 
All the above results. whether on the characteri-
zation of the cytoplasmic androgen receptor or the 
study of its hormonal control, point to a high de-
gree of analogy between the receptors detected in 
rat prostate and hamster CVO and SV. It would 
thus seem that, like rat prostate, hamster CVO 
could constitute an ideal model for the study of 
androgen and, especially. anti-androgen action 
[28). In fact. owing to the easy access to these 
target glands. hamster CVO would appear lo be a 
particularly suitable model for the study of com-
pounds with specifically topical action 16.29]. Ab-
sence of a systemic effect could be verified at the 
level of the SV and on the contralateral CVO. If 
the CVO exhibit some analogy with sebaceous 
glands in human skin. thls model would be ideal 
for the study ofthe treatment and control of sebor-
rhea by topical endocrine agents. 
We are grateful to A.M. Tremblet for her competent 
technical assistance. 
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